Four temperature sensitive mutants of adenovirus type 12, classified into complementation group D, synthesize most or all of the late virus-specific polypeptides at the restrictive temperature, as shown by sodium dodecyl sulphate-polyacrylamide gel electrophoresis. Infections by these mutants under restrictive conditions apparently result in some over production of the virion hexon polypeptide compared to wild type infection. Genetic recombination between the four mutants has been demonstrated. A partial linear genetic map of the D cistron is presented.
To identify the gene functions of the highly oncogenic human type i2 (H I2) adenovirus, temperature sensitive (ts) mutants defective in early and late events of virus growth under restrictive temperatures during productive infection have been analysed (Shiroki, Irisawa & Shimojo, 1972; Ginsberg et al. I974; Ledinko, 1974; Shimojo, Shiroki & Yamaguchi, 1974) . In our study, out of ten H I2 ts mutants classified into six distinct complementation groups (Ledinko, I974) , two of the mutants, assigned to separate complementation groups, were defective in viral DNA and protein synthesis at the restrictive temperature (Ledinko, 1974) . The remaining eight mutants did not appear to be defective in viral DNA synthesis at the restrictive temperature (Ledinko, 1974) ; four of these mutants were assigned to complementation group D (Ledinko, 1974) . In the present study, the H i2 ts mutants of group D defective in a late function have been further characterized with respect to the synthesis of virus-specific polypeptides at permissive (31 °C) and restrictive (38"5 °C) temperatures during productive infection of human embryo kidney (HEK) cell cultures.
The synthesis of virion and other polypeptides in HEK ceils infected with the H I2 ts mutants or wild type (WT) H I2 was compared. Confluent or nearly confluent monolayer HEK cell cultures were infected with 2o to 3o p.f.u, of WT or each of the ts mutants per cell (Ledinko, I967) , and incubated at 3I °C or 38"5 °C for 42 h, a time of active virus production (Ledinko, I974) . The cells were then washed twice and incubated for 2 h at 3~ °C or 38"5 °C in Hanks balanced salt solution containing t % dialyzed foetal calf serum and radioactive reconstituted protein hydrolysate (Schwarz/Mann); hydrolysates of [3H]-or [~4C]-labelled protein (5/,Ci/ml) were added to WT-and ts mutant-infected cells, respectively. The cells were then washed, pooled, lysed in a small volume of o.ot M-tris, pH 7"5, containing 2 % sodium dodecyl sulphate (SDS) and 1% 2-mercaptoethanol, and solubilized by heating at ~oo °C for 2 min.
The mixed protein fractions from WT and ts mutant-infected cells were co-electrophoresed on SDS-6 % polyacrylamide gels (Ledinko, ~973) . Electrophoresis was carried out for 7 h at 7 V/gel (o.6 by 15 era) containing 6 % polyacrylamide, N,N'-methylene bisacrylamide as the cross-linking agent, o.I M-sodium phosphate buffer, pH 7"4, and o.I % SDS. Radioactivity in solubilized I mm gel slices was determined by scintillation spectrometry (Fig. I) . Although it is difficult to resolve the other virion components, a similar qualitative virion polypeptide pattern was found in WT and in ts 4o 3, 4o 4 or 4o5 infected cells, suggesting that the relative amounts of these virion polypeptides made at 38"5 °C were similar. The ts 407 mutant, on the other hand, apparently made a reduced amount of virion polypeptide X compared with WT, and possibly an increased amount of virion component VI (Fig. 0- The relative rates of synthesis of virtually all of the nonvirion polypeptides made at 38"5 °C in the ts mutant-infected cells were approximately the same as those in WT-infected cells (Fig. ~) . The relative rates of synthesis of all the polypeptides in cells infected with WT or with each group D mutant at 3[ °C were similar. Each value is the average result of 2 experiments (4 to 6 crosses). For each cross, at least 25 plaques were picked from the plates at 38'5 °C and assayed at 31 °C and 38"5 °C. All of the recombinants formed plaques efficiently at both temperatures, indicating that the isolates were WT recombinants.
We have classified the eight ts late mutants isolated in our study into four distinct complementation groups (Ledinko, I974) . In addition to group D, two mutants were assigned to group C, one to group A, and one to group F (Ledinko, I974). The group F mutant makes a reduced amount of hexon at 38"5 °C compared with WT, while the relative rate of synthesis of the other polypeptides is not appreciably affected (Ledinko, I974) . At 3~ °C, the electrophoretic patterns of the polypeptides from WT-and the group F mutant-infected cells were similar (N. Ledinko, unpublished data). The relative amounts of polypeptides made at 38"5 °C in WT-infected cells and in cells infected with the ts mutants of groups A or C were generally similar to those made at 3I °C (N. Ledinko, unpublished data) .
Recombination between our two viral DNA defective ts mutants belonging to separate complementation groups has been found; the recombination frequency for WT virus production was approx. I8 ~ (Ledinko, I974) . Recombination for WT production was also obtained between the four ts mutants in complementation group D (Fig. 2.) Pairwise crosses between the ts 4o3, 4o4, 4o5 and 4o7 mutants were carried out, and the progeny yields formed at 3I °C were plaque assayed at 3I °C (Ledinko, 1974) to determine the total yield, and at 38"5 °C to obtain the yields of WT recombinants. The WT recombination frequency between the mutants in group D ranged from o-o 4 ~o (ts 4o5 x ts 4o7) to o'98 (ts 4o5 x ts 4o4; Fig. 2 ). The recombination frequencies were additive along a linear sequence (Fig. 2) . Based on recombination frequencies a partial genetic map of adenovirus type 5 has been constructed which also gives an additive sequence of ts mutations (Williams, Young & Austin, I974) . A cross between the two mutants in our complementation group C yielded 1.26 ~o WT recombinants (N. Ledinko, unpublished data). Intracistronic recombination, i.e. recombination between mutants in the same complementation group, has been found with ts mutants of adenovirus type 5 (Ensinger & Ginsberg, I972; Williams et al. I974) .
The ts lesion in the late mutants of group D, and of groups A, C and F (N. Ledinko, unpublished data), does not appear to lie in the production of virus-specific polypeptides
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Short communications demonstrable by SDS-polyacrylamide gel electrophoresis. However, there was an apparent variation in the relative rates of synthesis of some of the virion polypeptides at the restrictive temperature. A relatively reduced amount of virion polypeptide X by a mutant in group D, and of hexon by a group F mutant (Ledinko, 1974) , as well as an apparent relative overproduction of hexon by the four mutants in group D were found (Fig. I) . Since some cell protein synthesis continues late in H I2 infection (Russell & Skehel, I973), it is possible that differential synthesis of cellular polypeptides may account for some of these changes. Whether some of the late H I z ts mutants are affected in regulatory elements, and others in structural elements, remains to be ascertained.
